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Abstract
Stratigraphical division of subsurface geology in the coastal area of the Tokushima Plain is as
follows; the Pleistocene comprises the Kitajima Formation and the uppermost Pleistocene and the
Holocene comprise the Tokushima Formation. Furthermore, the Tokushima Formation is subdivided
into four parts; the lowermost, the lower, the middle and the upper parts in ascending order.
Volcanic glass shards in the samples can be correlated with wide spread volcanic ashes. Thus, the
Matsushige Volcanic Ash in the middle part of the Tokushima Formation is correlated with the Kikai-
Akahoya Volcanic Ash.
Sedimentation of the lowermost and the lower parts of the Tokushima Formation occurred around
12ka or llka and lOka or 7.8ka respectively. The middle part of the formation was deposited during
7.8ka and 3.1ka. The upper part began to deposit around 3.1ka and the sediments had been formed
until 1.6ka.
Correlation of subsurface geology between the Tokushima and Takamatsu Plains is as follows; the
upper part of the Kitajima Formation can be correlated with the Fukuoka-cho Muds of the Upper
Kotogawa Formation. The lowermost and the lower parts of the Tokushima Formation can be
correlated with the Hamano-cho Sandy Gravels of the Takamatsu Formation. The middle part of the
Tokushima Formation can be correlated with the Kasuga-cho Sands, the Nishiuchi-machi Muds, the
lower part of the Nishiuchi-machi Sands and the lower part of the Nishiuchi-machi Gravels of the
Takamatsu Formation respectively. The upper part of the Tokushima Formation can be correlated with
the upper part of the Nishiuchi-machi Sands and the Nishiuchi-machi Gravels of the Takamatsu
Formation.
Key-words: Holocene, Tokushima Formation, Tokushima Plain, Volcanic ash, Radiocarbon age,
Drilling-core
1. Introduction
The Tokushima Prefecture is located in the eastern
part of Shikoku Island, Japan. The Tokushima Plain is one
of the plains in the Tokushima Prefecture. It is a suitable
area for Quaternary research, especially subsurface
geology because of storage of drilling-core logs and
samples.
Researches by forerunners on the Quaternary in this
plain were reported by the Nakagawa et a1. (1964), Suzuki
and Kitazaki (1964) and Nakagawa and Suyari (1965).
They studied the late Quaternary deposits, from the
viewpoint of lithology and distribution of the deposits.
Furthermore, Suyari and Akojima (1972), Akojima et
al. (1972), Yokoyama et a1. (1990) and Nakao et al. (1996)
revised the lithological division of the Quaternary
sediments. Okumura et al. (1990), Yokoyama et a1. (1990)
and Okada et al. (1999) reported radiocarbon ages of
fossils from the northern part of the plain. Additionally,
Nakao (2001) reported the results of the radiocarbon dating
of molluscan fossils in the southern part of the plain. On
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the otherhand, just one result of radiocarbon dating in the
central part of the plain was reported by Yokoyama et al.
(1990). Geomorphological histories of the plain during the
late Quaternary were refered by Yokoyama et al. (1990)
and Furuta (1996).
Concerning stratigraphical division, Nakagawa and
Suyari (1965) named the late Quaternary, the Tokushirna
Formation (the Upper and the Lower Members) which
formed since the Wiirm Ice Age, on the basis of
radiocarbon age of peat beneath Anan City, southward
from Tokushima Plain (Suyari, 1964). Suyari and Akojima
(1972) and Akojima et a1. (1972) redefined the Tokushima
Formation as the sediments formed since lOka and divided
the formation into three members; the Upper, the Middle
and the Lower Members. Yokoyama et al. (1990) revised
the lithological division and divided the formation into the
Basal Gravels, the Lower Sands, the Middle Muds, the
Upper Sands and the Uppermost Muds. They inferred the
paleoenvironment and age of sedimentation.
Suyari and Akojima (1972), Akojima et ai. (1972)
assigned the volcanic ash layer to the Middle Member of
the Tokushima Formation. On the contrary, Yokoyama et
al. (1990) assigned the layer to the Lower Member of the
Tokushima Formation of Suyari and Akojima (1972).
Thus, discussion on stratigraphy of the volcanic ash
layer has been confused. Furthermore, Yokoyama et al.
(1990) insist that the Lower Sands belong to the late
Pleistocene sediments. On the contrary, they reported that
marine mollusk Tegillarca granosa in the Lower Sands is
7,950 yrs BP by radiocarbon dating. Chronological
correlation of the Lower Sands by them is inconsistent
with the radiocarbon age of the fossils.
It is the difference of views on this subject of
stratigraphy that should be discussed.
In order to contribute to the revision of the
chronostratigraphical division of the Tokushima
Formation, the author studied 26 new drilling-cores in the
central area of the Tokushima Plain.
One of the objectives of the present study is the re-
examination of the stratigraphy, especially based on the
volcanic ash layer of these borehole cores. For another
purpose of the study, the author will discuss age of
sedimentation of the late Quaternary in the coastal area of
the Tokushima Plain, on the basis of radiocarbon ages
shown by Yokoyama (1990), Okada et al. (1999), Nakao
(2001) and new results that will be referred to in this paper.
II. Geomorphology and geology
The Yoshinogawa River flows through the Tokushima
Prefecture, Shikoku Island, southwest Japan. The alluvial
plain distributes along the lower reaches of the
Yoshinogawa River and faces the Kii-suido, Pacific Ocean.
The plain extends for approximately 40 km from east
to west and 20 km from north to south. The name of the
plain is confusing. Shiki (1965) named the land which
extends along left bank of the Yoshinogawa River "the
Yoshinogawa Plain" and the land along right bank "the
Tokushima Plain". Land Bureau, National Land Agency
(1991) named the lowland along the Yoshinogawa River
"the Yoshinogawa Plain". Suyari and Akojima (1972) and
Yokoyama et al. (1990) called the lowland around the river
mouth of the Yoshinogawa River "the Tokushima Plain".
In the present study, the name of the plain is after Suyari
and Akojima (1972) and Yokoyama et al. (1990).
The study area is the coastal area of the plain that is
adjacent to Naruto City, Matsushige Town, Kitajima Town
and Tokushima City from north to south (Fig. 1).
The Tokushima Plain is classified as a delta, natural
levee formed by the Akuigawa and the Yoshinogawa
Rivers (Land Bureau, National Land Agency, 1991 ; The
Research Group for Active Faults of Japan, 1992).
North of the Plain, the Sanuki Mountains consist of
the Ryoke Granites and the Cretaceous Izumi Group (Saito
at aI., 1962). To the south of the plain, the Shikoku
Mountains made up of crystalline schists of the Sanbagawa
Belt are seen (e.g. Akojima et aI., 1972).
According to Suyari and Takahashi (1991) the
boundary area between the Sanuki Mountains and the
Tokushima Plain is along the Median Tectonic Line
(M.T.L.). For example, the Naruto Fault is one of the
segments of the M.T.L. active fault system. Mizuno at al.
(1993) inferred some active faults beneath the northeastern
part of the plain. One of the faults was found and named
the Naruto-Minami Fault. The mean vertical slip rate of
the Naruto-Minami Fault is 1 meter/lOOO years (Okada et
aI., 1999). The fault was found at the southwestern rim of
the plain (Suyari et al. 1965). Furthermore, beneath the
southern part of the plain, Kami-Habugawa Fault is
concealed (Land Bureau, National Land Agency, 1991).
Any distinctive dislocation by active faults is not found in
the central part of the plain.
III. Methodology
Methods of present study are inspection of borehole-
core samples for recognition of lithofacies, analysis of
volcanic ash and radiocarbon dating. The author made use
of the drilling logs (The Ministry of Construction and
Tokushima Prefecture, 1964) for his research on the
occurrence of sediments.
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Fig. 1 Study area and the sites of drilling.
Sites A and B show the localities of Okada et al. (1999) and Nakao (2001) respectively. Abbreviations
of the drilling sites are same as Table 1.
Outline of study borehole
Fig. 1 indicates drilling-sites and Table I shows
outline of borehole-core samples.
Lithological description of drilling-core samples
Samples were inspected with naked eyes and the
stereoscopic microscope. Color and N-values of the
drilling core samples, is obtained from the provisional
reports of borehole drilling companies since the samples
concerned have been dried and oxidized for one to ten
years. Volcanic glass shards, faunal fossils and secondary
formed crystals, such as Mollusca, Foraminifera,
Ostracoda, Echinodea, Cirripedia and gypsum crystals,
are sampled.
Sampling of faunal fossils
Faunal fossil collecting from samples is carried out by
the following operation. Large-size molluscan fossils were
directly picked up from drilling core samples. Ten to
twenty grams of sample blocks were collected at every 25
centimeters and washed with water on a 118 millimeters
mesh sieve, and the fossils were separated with the aid of a
stereoscopic microscope.
Ecological data of Mollusk, e.g. vertical distribution,
are after Higo and Goto (1993) and Higo et al. (1999).
Table I Outline of the observed drilling cores.
Abbr. of Elevation Cores'Localities lengthdrilling sites [T.P.m] [T.P.m]
Oasa, Naruto City NAS-B1-6 0.52 53.00
Nagakishii, Matsushige Town NKR1 1.73 38.00
Nagakishii. Matsushige Town NKR2 -0.47 37.00
Nagakishi, Kitajima Town MTB2-1 0.501 45.00
Taro-hachinosu, Kitajima Town MTB2-2 1.245 49.00
Taro-hachinosu, Kitajima Town NAS-Bl-l1 1.69 52.00
Kitamura. Kitajima Town MTB2-4 0.662 34.00
Nakamura, Kitajima Town NAS-Bl-15 0.96 55.00
Nakamura, Kitajima Town MTB2-5 0.653 53.00
Kitakawamukou, Matsushige Town NKM1 0.11 43.00
Kitakawamukou, Matsushige Town NKM2 1.52 43.00
Tokushima AP. Matsushige Town TAP10-1 -8.40 39.42
Tokushima AP, Matsushige Town TAP10-2 -8.80 46.41
Tokushima AP. Matsushige Town TAP10-3 -8.30 33.50
Tokushima AP, Matsushige Town TAP10-4 -7.50 33.50
Tokushima AP, Matsushige Town TAP10-5 -8.50 33.45
Tokushima AP, Matsushige Town TAP10-6 -8.30 33.46
Tokushima AP. Matsushige Town TAP10-7 -7.90 33.45
Tokushima AP, Matsushige Town TAP10-8 -7.60 32.45
Kawauchi, Tokushima City KWN-l 0.85 54.00
Kawauchi, Tokushima City KWN-4 0.11 58.00
Kawauchi, Tokushima City TOB2-12A 1.43 52.45
Yoshinogawa, Tokushima City YP-10 -2.123 60.00
Yoshinogawa, Tokushima City YP-8 -1.814 57.00
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Petrographical description of volcanic ash
The intercalated volcanic ash was studied for its
mineral composition, shape and refractive index of glass
shards from a viewpoint of petrography. Classification of
glass shard's shape (H, C, T types and others) is after
Yoshikawa (1976). The refractive index was measured by
the temperature change method using refractometer
"MAlaT" (Furusawa, 1995). Accuracy of measurement
by this method is approximately ± 0.000 1. Refractive
index of glass shards from each volcanic ash sample was
carried out by measurement of twenty glass shards.
AMS radiocarbon dating
Basic data which infers the age of the sediments, was
obtained by Beta Analytic Radiocarbon Dating Lab. which
performed the radiocarbon analysis.
IV. Stratigraphy
The author proposes a revised stratigraphical division
of the late Quaternary beneath the Tokushima Plain on the
basis of drilling-core samples (Table 1). From the
viewpoint of lithology, the author describes grain size
distribution, fossils, sedimentary structure and N-value of
the KWN-l Drilling-core as stratotype. On the basis of
lithofacies and N-value, the author divided the KWN-l
Drilling-core into "the Lithological Units 1...10" (Fig. 2).
Table 2 shows lithological correlation between those
Lithological Units and stratigraphical division. Some of
borehole logs are shown in Fig. 3.
Kitajima Formation (re-definition)
(definition) Nakagawa and Suyari (1965) named the sandy
gravel beds which underlie the Tokushima Formation the
Kitajima Formation, on the basis of the drilling-core at
Ejiri, Kitajima town, as the typical locality.
In the present study, the author re-confirms that the
Kitajima Formation is over 50 of N-value which means the
formation consists of sandy gravels and underlie the
Tokushima Formation. From the viewpoint of lithological
observation of drilling-core samples, sand beds intercalated
with gravels are found between typical beds of the
Kitajima Formation and marine sediments of the
Tokushima Formation. The author therefore, proposes that
the sandy gravels is the lowermost part of the Tokushima
Formation.
(type locality) Typical beds are distributed between T.P.
-53.15 meters and -46.15 meters of the KWN-I Drilling-
core, Kawauchi-cho, Tokushima City.
(distribution) The top plane of the Kitajima Formation is
distributed between T.P. -50 meters and -30 meters. The
bottom of the formation is unknown. According to
Nakagawa and Suyari (1965), the formation reaches at
least about 200 meters depth in the Kitajima Town.
(lithology) This member is made up of Lithological Unit 1
of the KWN-l Drilling-core and consists mainly of
brownish-gray massive sandy gravels which have
subrounded to subangular fine pebbles with coarse sand
matrix.
Mud beds that are 10 meter thick are interbedded in
the formation (Nakagawa and Suyari, 1965). The muds
which are distributed between T.P. -20 meters and -10
meters in Anan city, south of Tokush ima Plain, bear
molluscan shell (Akojima et aI., 1972). N-values of
gravely beds are over 50.
Yokoyama et al. (1990) described the volcanic ash at
-23.4 meters beneath Inubuse, Itano Town in the north part
of the Tokushima Plain. They correlated the volcanic ash
with Aira-Tn Volcanic Ash but did not describe that
horizon precisely in their article. We interpret the volcanic
ash to be in the Kitajima Formation, assuming the horizon
of the volcanic ash that is underlying the Basal Gravels of
Yokoyama et aI. (1972).
Another lithological characteristic is that it bears
granite gravels between T.P. -56.2 meters and -56.0 meters
of the TAP I 0-1 Drilling-core, Tokushima Airport,
Matsushige Town. Granites are not found in the
Tokushima Prefecture, but are found in the northern area of
the Sanuki Mountain. According to Akojima et aI. (1972),
the fan deposits which extend along the Hikaidanigawa
River bear granite gravels which were brought down by the
upper reaches of the Hikaidanigawa River, north area of
the Sanuki Mountains. In short, the presence of granite
gravels suggest that the sediments were also provided from
north of the Sanuki Mountains.
This formation is correlated with the lower part of the
Basal Gravels (Suzuki and Kitazaki, 1964), the Kitajima
Formation (Nakagawa and Suyari, 1972; Akojima et
al.,1972) except the Uppermost bed and the Kitajima
Formation (Yokoyama et aI., 1990).
(stratigraphy) The Kitajima Formation overlies basement
rocks unconformably (Yokoyama et aI., 1990). For the
other areas of the plain, stratigraphy of the formation and
the lower bed is unknown.
Tokushima Formation
(definition) Nakagawa and Suyari (1965) named the
sediments formed since Wlirm II the Tokushima
Formation. Furthermore, Suyari and Akojima (1972), and
Akojima et al. (1972) re-confirmed that the sediments had
formed since IOka. The reason for re-definition is based on
the horizon of break of N-values in gravelly beds, which
means discontinuing of deposit and loading pressure before
sedimentation of upper beds.
(type locality) Stratotype is between T.P. -46.15 meters and
Norihito KAWAMURA 107
Stratigra Columnar Ages
(1) phical N-value Fossils Lithology(J)
4:: units 'c E section (yrsBP)
S :::J a.:
'0, ~ t::-
o
'8> c(5
.2(1) :g ro CSFMCG 0 50(9 ::i >
~~~aimed 10 0 2~9cr~~vinyl chloride
dark gray fine sand
9 Lowermost: dark gray silt
_.... --- ... ------- .. --_ ...... ---- ........................... _ ........ _.............
1:: dark gray fine sandcu
a. sometimes thin layer of
(1)
Q5
8
accumulation of land plant
a. fragmentsc a.(1) :::Ju
-100(5
I
dark gray silt
7 Lower part : includes
fragments of land plant
1:: -------------- .... - --_ .. - -- --_ .. ---_ ....... --_ ......... _..C cu
-200 a.
~ 6 Zeux/s castus(1) dark gray fine sand
E =0 Echinodea
L.. "'0
0 ~LL
('(j
E 5 dark gray silt
~ :.c K-Ah
('IJ Cf) 7,790c ::::l
-30Q5 ~
ro 0 dark gray fine sand inter- Artificial mateials
::J t- 1:: bedded silt thin layer
a cu 4 Clayeya.
--Upper' part: -flne- -sanc{ 'bea'
L...
(1) ring silt Silty::= Lower part: accumulation
0 of silt and fine sand
-l 3 Sandylayers
-40 massive sandy gravels Gravelyen
0 subrounded to sUbangula ClayEt 2
.... co fine pebbles with coarse
(1) ~a. sand matrix Siltc 0(1)
-l
u Fine sand0
U5 massive sandy gravels Medium sand'(j)
n:: Kitajima subrounded to subangular
Formation
-50 fine pebbles with coarse Coarse sand
sand matrix Gravel
Columnar section: C: clay. S: silt. F: fine sand. M: medium sand. C: coarse sand, G: gravel, V: volcanic ash,
M: mollusks, 6.: barnacles
Fossils
<D Mactra (M) veneriformis. Paphia (P) euglypta. Babylonia japonica etc, spines of Echinodea and benthic foraminifer
® Assiminea sp., Phacosoma japonicum , Mitrelfa (Indomitre/la) lischkei , Niotha vadegata, Angulus vesta/ioides and
Alvenius ojianusechinodermata and benthic foraminifers
Fig. 2 Geological columnar section of the KWN-l Drilling-core, Kawauchi, Tokushima City.
-0.19 meter, the KWN-l Drilling-core, Kawauchi-cho,
Tokushima city.
(distribution) Elevation of the bottom plane of the
formation range from T.P. -50 meters and -30 meter (Fig.
4).
(lithology) Thi formation is divided into the lowermost,
the lower, the middle and the upper parts, in ascending
order.
Lowermost part: Thi part consists of the Lithological
Unit 2 such as that of the KWN-1 Drilling-core. Thi unit
consi ts mainly of yellowish-brown to browni h-gray
massive sandy gravel which have subrounded to
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Table 2 Stratigraphy beneath the Tokushima Plain, Shikoku Island.
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Fig. 3 Geological columnar maps in the Tokushima Plain.
Abbreviations of the drilling sites are same as Fig. I and numbers in
square mean the Lithological Unit.
subangular fine pebbles with coarse sand matrix. The
sandy gravels are interbedded with mud. N-values range
from IS to 49. This part is 0 to 12 meters in thickness.
In the northern area of the plain, the lowermost part is
not found, but in the southern area, it has been observed.
Bottom plane of the part is varied, however, top plane is
approximately T.P. -40 meters. It corresponds to basement
bed of the Tokushima Formation.
Akojima et al. (1972) pointed out the unconformity
between marine sediments (called the Tokushima
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Formation) and non-marine sediments (called the Kitajima
Formation). However, as mentioned above, unconformity
is not recognized between the lowermost part (the
uppermost member of the Kitajima Formation of Akojima
et aI., 1972) and the lower part of the Tokushima
Formation. The author considers the part to be incised-
valley fills after the Kitajima Formation has been eroded.
The volcanic glass shard, which is correlated with the
Aira-Tn Volcanic Ash (AT), is contained in the part. This
glass shard is much less in content and is considered to be
reworked particles from the volcanic ash layer in the
Kitajima Formation.
This part is correlated with the uppermost of the Basal
Gravels (Suzuki and Kitazaki, 1964), the uppermost of the
Kitajima Formation (Nakagawa and Suyari (1972), Suyari
and Akojima (1972), Akojima et al. (1972) and the Basal
Gravels (Yokoyama et aI., 1990).
Lower part: the Lithological Unit 3 is a major unit of the
part. Lower part of this unit consists of accumulation of
silt and fine sand layers. Upper part of the unit consists of
a thin fine sand-bearing dark gray silt layer. We can find
marine molluscan shells in the upper sand layers.
Thickness of the part ranges from 0 to 11 meters. N-value
is approximately 6 in silty beds and 26 to 27 in sandy beds.
The Lithological Unit 4 composes the upppermost of
the part. This unit consists of a dark gray fine sand
interbedded with a thin silt layer, which bears marine
mollusks: e.g. Mactra (M.) veneriformis, Paphia (P.)
euglypta, Babylonia japonica among others. Spines of
Echinodea are also found. N-value ranges from 9 to 17.
One of the most distinctive lithological characteristics
of the unit is the interbedding of volcanic ash layer or
condensation horizon of volcanic ash. The volcanic ash
layer will be discussed is greater detail later.
This part is correlated with the Lowermost Beds
(Suzuki and Kitazaki, 1964), the Lower Member of the
Tokushima Formation (Nakagawa and Suyari, 1972;
Suyari and Akojima, 1972; Akojima et a1.,1972) and the
Lower Sands (Yokoyama et aI., 1990).
Middle part: This part is mainly made up of dark gray
mollusk-bearing clay, silt or coarse sand. In western part
of the plain, the part is not seen (Akojima et a1.,1972).
Thickness ranges from 0 to 25 meters.
This part contains three lithological units; the
Lithological Units 5 to 7. The Lithological Unit 5 consists
of dark gray silt bearing many mollusks: river-mouth or
brackish water-Ii ving Assiminea sp., shallow marine
mollusks Phacosoma japonicum, Mitrella (lndomitrella)
lischkei, Niotha variegata, Angulus vestalioides and
Alvenius ojianusechinodermata. Benthic foraminifers are
also found. N-value is approximately 0 to 3. The
Lithological Unit 6 consists of dark gray, fine grained sand
bearing mollusks at a relatively high density; shallow
marine mollusks Zeuxis castus and Echinodea. N-value is
approximately 0 to 4. Lithological Unit 7 consists of dark
gray silt that bears mollusks at a relatively high density.
Lower part includes fragments of land plant. N-value is
approximately 4 to 6.
The part is correlated with the Lower Muds and the
Lower Sand and Muds (Suzuki and Kitazaki, 1964), upper
of the Lower Member of the Tokushima Formation
(Nakagawa and Suyari,1972; Suyari and Akojima, 1972),
the Middle Member of the Tokushima Formation (Akojima
et aI., 1972) and the Middle Muds (Yokoyama et aI.,
1990).
Matsushige Volcanic Ash (newly named)
The volcanic ash layer which is found between
T.P.(Tokyo Peil) -29.85 meters in the KWN-l Drilling-
core and between -39.25 meters and -38.90 meters in the
TAPlO-7 Drilling-core. The author sets the layer in the
TAPlO-7 Drilling-core as stratotype of the volcanic ash
layer and names the volcanic ash layer "the Matsushige
Volcanic Ash" after the name of the locality.
This volcanic ash consists of slightly brownish light
gray, silt to fine grain sized volcanic glass shard. The
volcanic ash layer is interbedded in the middle part of the
Tokushima Formation. The layer widely occurs beneath
the plain (Shinoaki, 1985) between T.P. -30 meters (around
river mouth of the Yoshinoagwa River) and T.P. -10
meters (beneath the Akuigawa and Yoshinogawa Rivers
meet point), and ranges from 0 meters to 1 meter in
thickness. So the layer is a useful key bed.
Upper part: This part consists of sandy gravels in the
inland area and shell-bearing dark gray fine sands. The
Lithological Unit 8 consists of dark gray fine sand bearing
mollusks and sometimes with a thin layer of accumulation
of land plant fragments. Lithology of Lithological Unit 7
migrates to this unit vertically. N-value ranges from 7 to
16. The Lithological Unit 9, overlying the Lithological
Unit 8, is the uppermost of this part and consists of
alternating dark gray silt/fine sand and the main part is
made up of dark gray fine sand. This unit consists of
eolian sediments and clays are also found inside the dunes
(Akojima et aI., 1972). N-value is approximately 7 to 16.
Thickness of the part ranges from about 13 to 24 meters.
The part is correlated with the Upper Gravels, the
Upper Sands and the Uppermost Beds (Suzuki and
Kitazaki, 1964), the Upper Member of the Tokushima
Formation (Nakagawa and Suyari, 1972; Suyari and
Akojima, 1972; Akojima et aI., 1972) and the Upper Sands
and the Uppennost Muds (Yokoyama et aI., 1990).
Lithological Unit 10, overlying the Lithological Unit
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Table 3 Results of 14C ages of materials beneath the Tokushima Plain. Abbreviations of the drilling sites are same as Table 1.
Locality or Stratigraphy Elevation (j"C "c date Conventional Lab.Material Method "c date Referencesdrilling-sites in this study [T.P.m] [%0] [yrs BP] [vrs BP] no.
Danzeki-Ooshiro, Tokushima F. -1 (unknown) - - 1,560±40 - - Okada et al.(1999)
Naruto Upper M.
Yakura, Naruto Tokushima F. -4--5 Anadara ( Tegillarca) radiom- - 2,090±85 - N-5295 Okumura et al.
Upper M. granosa etrie (1990)
Danzeki-Ooshiro, Tokushima F. -2 (unknown) - - 3,020±40 - - Okada et al.(1999)
Naruto Upper M.
Nishizuka, Toku Tokushima F. -0.5-0 Anadara ( Tegillarca) radiom- - 3,030±40 - Gak- Nakao(2001)
shima Upper M. granosa etrie 20156
~?hizuka, Toku Tokushima F. -6--0.5 Anadara ( Tegi/larca) ra<;tiom- - 3,130±100 - ~ak- Nakao(2001 )
sima Medium M. granosa etne 8676
Nishizuka, Toku Tokushima F. -6--0.5 Crassostrea gigas radiom- - 3,540±110 - Gak- Nakao(2001)
shima Medium M. etrie 18677
Danzeki-Ooshiro, Tokushima F. -2.8 (unknown) - - 3,960±50 - - Okada et al.(1999)
Naruto Medium M.
Nishizuka, Toku Tokushima F. -6--0.5 Mya arenaria oonogai radiom- - 5,230±110 - Gak- Nakao(2001 )
shima Medium M. etrie 18675
Nishizuka, Toku Tokushima F. -6--0.5 Dosinella corrugata radiom- - 5,540±100 - Gak- Nakao{2001 )
shima Medium M. etrie 18674
Nishizuka, Toku Tokushima F. -6--0.5 Rapana venosa ra<;tiom- - 5,580±60 - Gak- Nakao(2001)
shima Medium M. etne 20155
Danzeki-Ooshiro, Tokushima F. -13 (unknown) - - 6,040±50 - - Okada et al.(1999)
Naruto Medium M.
Danzeki-Ooshiro, Tokushima F. -18 (unknown) - - 6,830±50 - - Okada et al.(1999)
Naruto Medium M.
KWN-1 Core Tokushima F. -29.83 Mactra (M) chinensis AMS -1.0 7,790±40 8,180±40 ~8\%"04 This studyLower M.
Himeda, Naruto Tokushima F. -17--18 Anadara ( Tegillarca) radiom- - 7,950±120 - N-5294 Okumura et al.
Lower M. granosa etrie (1990)
Danzeki-Ooshiro, Tokushima F. -25 (unknown) - - 8,170±50 - - Okada et al.(1999)
Naruto Lower M.
Danzeki-Ooshiro, Tokushima F. -29 (unknown) - - 10,840±40 - - Okada et al.(1999)
Naruto Lowermost M.
Danzeki-Ooshiro, Tokushima F. -42 (unknown) - - 12,240±50 - - Okada et al.(1999)
Naruto Lowemnost M.
Danzeki-Ooshiro, Kitajima F. -70 (unknown) - - 34,400±330 - - Okada et al.(1999)
Naruto
Table 4 Lithological characters of the volcanic glass shards. Abbreviations of the drilling sites are same as Table 1.
Stratigraphy Name(drilling site and T.P.m)
1----,__-c-,--,._-=G:.;:la;:;s:..:s:.....::s:.::ha:..:rc.:d:..:s ---,_-1 Mineral
Shape (%) Refractive Index (n)
H C T Oth ranae mode composition
Matsushige
Volcanic Ash
TAP10-7 -39.25--38.90 50.0 41.9 7.6 * 1.509-1.513 : Opx, Oth
KWN-4 -29.85 H > C > T 1.509-1.513 : Oth
- - - - - - - - - - - - - -- - - - - -~ - - - - - -- - - - - - - -- -- ----------------- ----------------- - - - - --- ---------------.,. ---------- - - - - -- - --- -- - - - - - - - - - - --
K-Ah* H > T 1.508-1.516 : Opx>Cpx
Volcanic glass shards in the NKM-2 -33.93--33.63 H > T 1.498-1.500 : 1.498-1.499 Oth
Lowermost part, Tokushima F. TAP10-2 -43.6--42.9 H > C 1.499-1.500: - Oth
------------------------- --------------------.-.------- ------------------------ ----------------,--------------- --------------------
AT* H > T 1.498-1.500 : 1.498-1.499 Opx>Cpx
Ata-Th* H > T 1.498-1.500 : - Ho, Opx, St, Q
Shape of glass shards (Yoshikawa, 1976) ; H: H-type shards, C: C-type shards, T: T-type shards, Oth: other,
Shape (%) ; *: less than 1%
Minerals; Q: Quartz, PI: plagioclase, Ho: hornblends, Opx: orthopyroxenes, Cpx: c1inopyroxenes, Oth: others
References; *: Machida and Arai (1992, 2003)
9, is a gravelly sand unit, which bears blocks of concrete
and fragments of vinyl chloride and of wood. N-value is
over 50.
V. Results of analysis
AMS radiocarbon age
The radiocarbon age of the molluscan shell found at
T.P. -29.83 meters of the KWN-l Drilling-core is 7,790 yrs
BP. Table 3 shows results of radiocarbon dating obtained
for the Tokushima Plain.
Petrographical characteristics of volcanic glass shards
Table 4 shows lithological characteristics of volcanic
glass shards.
Volcanic ash found at T.P. -33.9~-33.6m of the NKM-
2 Drilling-core
The volcanic glass shards are found rarely between
T.P. -33.9 meters and -33.6 meters of the NKM-2 Drilling-
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core, Matsushige Town, and between T.P. -42.9 meters.
The shape of glass shard is mainly H type and somewhat C
type. The refractive index of glass shard ranges from
n=1.498 to n=1.500. The volcanic ash has the same
petrographical characters as that found at -43.6 meters of
the TAPlO-2 Drilling-core, Matsushige Town.
Matsushige Volcanic Ash
The Matsushige Volcanic Ash mainly comprises of
fine sand-size glassy volcanic ash and light brownish-gray
in color after the treatment of purification. The volcanic
ash is mainly composed of colorless glass shards but
sometimes includes brown colored glass shards and
clinopyroxenes rarely. The shape of glass shards is mainly
H type and some C and T types.
The refractive index of glass shards found between
T.P. -39.25 meters and -38.90 meters from the TAPlO-7
Drilling-core is ranges from n=1.509 to n=1.513.
VI. Discussion
Correlation of the volcanic ash of the Tokushima
Formation
To correlate with wide spread volcanic ash, the author
inspected the shape, refractive index and chemical
composition of glass shards.
Volcanic ash found at T.P. -33.93--33.63m of the
NKM-2 Drilling-core
On the lithological characteristics and stratigraphy,
the glass shards from between T.P. -33.93 meters and
-33.63 meters of the NKM-2 Drilling-core could be
correlated with Aira-Tn Volcanic Ash (AT, n=1.498~
1.500; Machida and Arai, 1992, 2003) or Ata-Torihama
Volcanic Ash (Ata-Th, n= 1.498 ~ 1.500 ; Machida and
Arai, 1992, 2003). We cannot distinguish between the
volcanic glass shards from AT or Ata-Th using only
refractive index of glass shards.
Matsushige Volcanic Ash
The refractive index of glass shards ranges from
n=1.509 to n=1.513. Possible correlations are the wide
spread volcanic ashes namely, Kikai-Akahoya Volcanic
Ash (K-Ah, n=1.508~1.516; Machida and Arai, 1992,
2003) or Ata Volcanic Ash (Ata, n=1.508~1.512;
Machida and Arai, 1992, 2003). In addition, the
Matsushige Volcanic Ash is intercalated above the fossil-
bearing bed. 14C ages on the mollusca in the fossil-bearing
bed indicates a data of 7,790 yrs BP. Because the ages of
eruption of Ata and K-Ah are 110-105ka and 7.3ka
respectively (Machida and Arai, 1992, 2003), the
Matsushige Volcanic Ash is correlated with K-Ah.
The volcanic ash of the Tokushima Formation
(Nakagawa and Suyari, 1965; Akojima et aI., 1972) or the
volcanic ash in the Middle Muds (Yokoyama et aI., 1990)
are distributed between -30 and -20 meters and are
intercalated in the muds. Judging from the elevation of
distribution, overlying and underlying beds and
petrographical characters, the Matsushige Volcanic Ash
correlates with the volcanic ash of the Tokushima
Formation (Nakagawa and Suyari, 1965; Akojima et al.,
1972) and the volcanic ash in the Middle Muds
(Yokoyama et aI., 1990). The author agrees with the
conclusions on correlation made by these studies from the
viewpoint of refractive index of glass shards.
Two subjects concerning geological division of the
Tokushima Formation
One of the problems on stratigraphy of the Tokushima
Formation is the confusion concerning the inferred ages of
the Lower Sands of Yokoyama at al. (1990) which is
contradictory to the radiocarbon age of fossils in the sands.
One more problem is the difference of opinion
between Akojima et al. (1972) and Yokoyama et al. (1990)
about stratigraphical setting of the volcanic ash layer.
According to the study of the stratigraphy by
Yokoyama et al. (1990), the volcanic ash (Matsushige
Volcanic Ash in present study) is interbedded in the
Middle Muds, and, they interpreted the Middle Muds to
correlate with the Lower Member of the Tokushima
Formation of Akojima et al. (1972). On the otherhand,
Akojima et al. (1972) named the volcanic ash bearing-
member the Middle Member of the Tokushima Formation.
Jugding by the elevation that the volcanic ash is
distributed and the lithology of overlying and undelying
beds, the volcanic ash described by Akojima et al. (1972)
and Yokoyama et al. (1990) is the same. The author
suggests that the Middle Member of the Tokushima
Formation (Akojima et al., 1972) correlates with the
Middle Muds (Yokoyama et aI., 1990).
VII. Age of the formations
On the basis of radiocarbon ages of fossils and
correlation of the volcanic ashes, the age of sedimentation
is discussed.
Kitajima Formation
In the northern area of the Tokushima Plain,
radiocarbon dating shows an age of 34,400 yrs BP at T.P.
-70 meters (Okada et aI., 1999) in the upper part of the
Kitajima Formation. Beneath Inubushi, Naruto city,
Yokoyama et al. (1990) found AT, which erupted between
27 ka and 26ka (Machida and Arai, 2003). Finally, the
formation was formed before between 34 ka, the late
Pleistocene.
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Tokushima Formation
Lowermost part: Between T.P. -33.93 meters and -33.63
meters of the NKM-2 Drilling-core, volcanic glass shards
correlated with AT were found, which were reworked from
the Kitajima Formation. The radiocarbon ages at T.P. -42
meters and -28 meters are 12,240 yrs BP and 10,840 yrs
BP respectively (Okada et a1., 1999). Thus we can
concl ude that the member was formed between 12ka and
Ilka, the latest Pleistocene.
Lower part: As shown in table 3, at T.P. -29.83 meters of
the KWN-I Drilling-core, radiocarbon age of the shell is
7,790 yrs BP. Yokoyama et al. (1990) and Okumura et al.
(1990) reported that the marine mollusk Tegillarca
granosa whose radiocarbon age is 7,950 yrs BP is found
between T.P. -18 meters and -17 meters, Himeda, Naruto
City. Okada et a1. (1999) reported that radiocarbon ages of
materials between T.P. -28 meters and -23 meters range
from 8,170 yrs BP to 7,940 yrs BP. Considering the
elevations and horizons, these layers that yielded
radiocarbon ages are in the same part of the formation.
The lower part underlies the Matsushige Volcanic Ash that
is correlated with K-Ah. According to Machida and Arai
(1992, 2003), K-Ah erupted at approximately 6.3ka.
Judging from horizon of the part and age of eruption of K-
Ah, the lower part was formed between 8.2ka and 7.8ka,
the early Holocene.
Middle and upper parts: As shown in Table 3,
radiocarbon ages of materials range from 7,790 yrs BP to
6,040 yrs BP. The Matsushige Volcanic Ash interbedded
in the middle part, mentioned above, is correlated with K-
All.
Between T.P. -IS meters and -13 meters, at Danzeki-
Ooshiro, Naruto City, north area of the plain, radiocarbon
ages range from 6,040 yrs BP to 5,500 yrs BP (Okada,
1999). Between T.P. -3 meters and -1 meters at Yakura,
Naruto City, radiocarbon age of the shell is 2,090 yrs
BP(Yokoyama et aI., 1990). Additionally, between T.P. -3
meters and -1 meter of the upper part at Danzeki-Ooshiro,
Naruto City, radiocarbon ages range from 3,100 yrs BP to
1,560 yrs BP (Okada et al., 1999).
Nakao (2001), however, reported that radiocarbon
ages of shells between T.P. -6 meters and -0.5 meters range
from 5,580 yrs BP to 3,130 yrs BP, and ages of another
shell between -0.5 meters and 0 meters is 3,030 yrs BP, at
Nishisuga-cho, Tokushima City, south area of the
Tokushima Plain. The fonner horizon corresponds to the
middle part and the latter to the upper part.
Considering these radiocarbon ages, the middle part
was formed between 7.8ka and 3.1ka and the upper part
between 3.1ka and 1.6ka.
VIII. Correlation of subsurface geology between
the Tokushima and the Takamatsu Plains
Mitsushio and Furukawa (1988) proposed a
correlation between the Quaternary of the Shikoku Island
and they, however, showed only some
chronostratigraphical data, insufficient for further
discussion. During the following some and ten years,
chronological geological division was studied in
Takamatsu Plain, northern Shikoku Island (Kawamura,
2000, 2002, 2003). In the present study, ages of the
formations of the Tokushima Plain were re-examined.
Thus, it is meaningful to correlate subsurface geology
between two plains in order to discuss geomorphological
development in the Shikoku Island.
Kawamura (2000, 2003) studied stratigraphy beneath
the Takamatsu Plain on the basis of correlation with wide
spread volcanic ash and radiocarbon ages of fossils. Thus,
subsurface geology of the coastal area of the Takamatsu
Plain is as follows; the middle to upper Pleistocene
comprises of non-marine Lower, Middle and the Upper
Kotogawa Formations. The Upper Kotogawa Formation is
divided into two members; the Ban-cho Gravels and the
Fukuoka-cho Muds in ascending order. The uppermost
Pleistocene and the Holocene are the Takamatsu
Formation. The Formation is subdivided five members;
Hamano-cho Sandy Gravels, Kasuga-cho Sands,
Nishiuchi-machi Muds, Nishiuchi-machi Sands and
Nishiuchi-machi Gravels in ascending order.
In this section, the author discusses correlation on the
basis of correlation with wide spread volcanic ash and
radiocarbon ages (Fig. 5).
The Kitajima Formation was formed between 34 ka
and 26 ka, in the late Pleistocene. However, in the
Takamatsu Plain, the Fukuoka-cho Muds of Upper
Kotogawa Formation bear Takamatsu 1 Volcanic Ash
correlated with AT and the AMS radiocarbon ages of peats
are approximately 25,000 yrs BP. Thus, the Fukuoka-cho
Muds would be formed around the last glacial stage of the
late Pleistocene (Kawamura, 2003). The upper part of the
Kitajima Formation can therefore be correlated with the
Fukuoka-cho Muds of the Upper Kotogawa Formation.
The lowermost and the lower parts of the Tokushima
Formation were formed between 12ka and II ka and
between 8.2ka and 7.8ka. Hamano-cho Sandy Gravels
formed between 13ka and 6.8ka (Kawamura, 2003). Thus,
the lowermost and the lower part of the Tokushima
Formation can be correlated with the Hamano-cho Sandy
Gravels of the Takamatsu Formation.
The middle part of the Tokushima Formation was
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Fig. 5 Correlation of the late Quaternary between the Tokushima and the
Takamatsu Plains, Shikoku Island.
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formed between 7.8ka and 3.lka. Three members of the
Takamatsu Plain; namely the Kasuga-cho Sands,
Nishiuchi-machi Muds, Nishiuchi-machi Sands and
Nishiuchi-machi Gravels, were formed between 7.0ka and
5.9ka, 6.5ka and 3.6ka, 4.lka and 1.0ka, and 3.6ka and
O.lka respectively (Kawamura, 2003). Thus, the lower,
middle and upper part of the middle part of the Tokushima
Formation can be correlated with the Hamano-cho Sandy
Gravels, the Kasuga-cho Sands, the Nishiuchi-machi Muds
and the lower part of the Nishiuchi-machi Sands, and the
lower part of the Nishiuchi-machi Gravels of the
Takamatsu Formation respectively.
The upper part of the Tokushima Formation was
formed between 3.lka and 1.6ka. This part can therefore
be correlated with the upper part of the Nishiuchi-machi
Sands and the Nishiuchi-machi Gravels of the Takamatsu
Formation.
IX. Conclusions
Stratigraphical division of subsurface geology in the
coastal area of the Tokushima Plain is as follows; the
Pleistocene comprises the Kitajima Formation and the
uppermost Pleistocene and Holocene cOlnprise the
Tokushima Formation (the lowermost, the lower, the
middle and the upper parts) in ascending order.
The Matsushige Volcanic Ash in the middle part of
the Tokushima Formation is correlated with the Kikai-
Akahoya Volcanic Ash.
Sedimentation of the lowermost and the lower parts of
the Tokushima Formation occurred around 12ka or llka
and 10ka or 7.8ka. The middle part of the formation
deposited between 7.8ka and 3.1ka. The upper part began
to deposit around 3.lka and the sediments had been formed
until 1.6ka.
Correlation of subsurface geology between the
Tokushima and Takamatsu Plains is as follows; the upper
part of the Kitajima Formation can be correlated with the
Fukuoka-cho Muds of the Upper Kotogawa Formation.
The lowermost and the lower parts of the Tokushima
Formation can be correlated with the Hamano-cho Sandy
Gravels of the Takamatsu Formation. The lower, middle
and upper part of the middle part of the Tokushima
Formation can be correlated with the Kasuga-cho Sands
the Nishiuchi-machi Muds and the lower part of the
Nishiuchi-machi Sands and the lower part of the Nishiuchi-
machi Gravels of the Takamatsu Formation respectively.
The upper part of the Tokushima Formation can be
correlated with the upper part of the Nishiuchi-machi
Sands and the Nishiuchi-machi Gravels of the Takamatsu
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